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Hallux varus can present as a congenital deformity or it can be acquired secondary to trauma, surgery, or neuromuscular disease. In the present report, we describe the presence of hallux varus as a sequela of calcaneal fracture with entrapment of the medial plantar nerve in the calcaneal tunnel and recommend that clinicians be wary of this when they clinically, and radiographically, evaluate patients after calcaneal fracture.
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Compartment syndrome occurs when the tissue pressure within a myofascial compartment becomes elevated, compromising circulation within that compartment. The increase in compartment pressure can result from an increase in the content of a compartment or from a decrease in the volume of the compartment. The detection of foot compartment syndrome must start with clinical suspicion and can be confirmed with tissue pressure measurements. With early recognition, the decrease in blood flow can be transient. The structures within the compartment might not be damaged, or they might only experience reversible damage. Left unchecked, the cycle of increased compartment pressure and tissue ischemia results in permanent tissue damage, deformity, and dysfunction. Nerves sustain irreversible functional damage at 12 to 24 hours of ischemia and muscle at 4 to 12 hours (1). In the lower extremity, unrecognized or untreated compartment syndrome has resulted in the following identified sequelae: claw toes, equinus/equinovarus, cavus, pes planus, calcaneus deformity and/or dropfoot, and abduction and/or eversion. High-energy trauma, including crush injury, is a common cause of increased compartment pressure and compartment syndrome. The calcaneal fracture has been implicated as a cause of isolated compartment syndrome of the foot (2-4). Manoli and Weber (2) first described the existence of the calcaneal compartment and hypothesized that compartment syndrome of the calcaneal compartment would result in claw toes by contracture of the quadratus plantar muscle. Michelson (3) was the first to describe the finding in a case study. Because the calcaneal compartment is continuous with the deep posterior compartment of the leg, compartment syndrome of the deep compartment of the leg (2) or tibial fractures (5) can also lead to calcaneal compartment syndrome of the foot. However, the calcaneal compartment as a functionally separate compartment within the foot has been argued. In a dye infusion experiment, Guyton et al (6) asserted that there is not a "physiologically significant" boundary between the quadratus plantae and the flexor digitorum brevis. Ling and Kumar (7) described the septum between the flexor digitorum brevis and quadratus plantae as "thin, filmy and often incomplete" in cadaveric specimens.
The ultimate deformity and dysfunction of the foot is determined by the combination of structures involved and the type of damage sustained. Contractures, deformity, weakness, paralysis, and sensory neuropathy are all long-term complications. Contractures and deformity can result from fibrosis and/or muscle group imbalance. Weakness can be caused by nerve damage and dysfunction and/or loss of muscle through fibrosis. Paralysis and sensory loss are caused by direct ischemic nerve damage or by entrapment of the nerves within a fibrotic compartment. These findings are progressive and can worsen for months after the ischemic insult.
Technical Observations
We have observed progressive hallux varus deformity after closed calcaneal fracture in 3 patients. We believe this finding is related to compartment syndrome of the calcaneal compartment and suggest that attention be paid to the clinical and radiographic alignment of the hallux in patients who have sustained a calcaneal fracture.
Case Reports

Case 1
A 35-year-old man presented 6 months after closed calcaneal fracture that had been treated nonoperatively with slowly progressive hallux varus. The space between the first and second digit on the right foot was markedly increased compared with the left foot (Figure 1 ).
Case 2
Our second patient presented 8 months after closed treatment of a nondisplaced calcaneal fracture. As in the first patient, an obvious increase was seen in the space between the first and second digit of the right foot (Figure 2 ).
Case 3
In our third patient, progressive hallux varus started to occur after a calcaneal fracture 10 years previously. The fracture was treated with immobilization in a cast. The radiograph (Figure 3 ) showed medial dislocation of the proximal phalanx of the hallux at the metatarsophalangeal joint.
Discussion
In each of the described patients, hallux varus developed over several months after a calcaneal fracture. Two muscles, the abductor hallucis and adductor hallucis, typically control the transverse plane movement of the hallux. We believe the deformity resulted from isolated, unrecognized compartment syndrome with subsequent paralysis of the adductor hallucis muscle and progressive dynamic contracture of the abductor hallucis, pulling the hallux medially. In our literature search, we found no such hallux varus deformity described as a complication of compartment syndrome. The most common cause of hallux varus was correctional surgery for hallux valgus (8) .
Our proposed mechanism for this deformity involves an insult to the neurovascular bundle supplying the adductor hallucis muscle. The posterior tibial neurovascular bundle passes through the medial intermuscular septum approximately 4 cm from the posterior limit of the calcaneus (7). The lateral plantar nerve and artery, both of which supply the adductor hallucis muscle, pass through the calcaneal compartment before giving branches to the adductor compartment of the foot. The medial plantar nerve, which supplies the abductor hallucis muscle, might or might not pass through the calcaneal compartment (9) . An insult to the neurovascular supply of the adductor hallucis or the adductor muscle itself could occur within the adductor compartment, although ischemic injury would likely involve the muscle before the nerve, causing fibrosis and subsequent contracture of the adductor hallucis muscle.
An alternative mechanism would involve contracture of the abductor hallucis muscle, which lies in the medial compartment. A case of isolated medial compartment syndrome was described by Myerson and Berger (10) , although it resulted in only transient paresthesia and loss of muscle function. The other muscle in the medial compartment is the flexor hallucis brevis. If this underwent ischemic contracture, it would cause plantarflexion of the hallux. This did not occur in our 3 patients, suggesting that the compartment syndrome did not involve the medial compartment.
In conclusion, we have presented 3 patients with hallux varus and associated with ischemic paralysis, secondary to unrecognized and untreated compartment syndrome of the foot. Hallux varus has not been previously described as a complication of compartment syndrome.
